INTRODUCTION
Association Football (soccer) is the most popular and widespread sport in the world. A significant proportion of the injuries suffered in soccer are head injuries involving trauma to the brain [20] . Soccer players run the risk of incurring mild head injury from a variety of sources, including the intentional use of the head to play the ball, known as heading [24] . For over 100 years, heading was not considered seriously as an event which could result in head trauma, but now it has been suggested that the cumulative effect of head trauma caused by soccer heading may result in neurological damage and neuropsychological impairment [20, 12] . A number of studies have shown the neurological, neuropsychological and cognitive deficits in amateur and professional soccer players due to repetitive heading. [27, 28] . In a series of studies of active and retired soccer players, cognitive deficits were found to be associated with repeated heading [26, 27] . On the other hand, some studies have reported no neurochemical evidence or neuropsychological impairment for brain injury caused by heading in soccer [19, 25, 28, 29] . Hereby, from the available research, it is not fully known whether or not ordinary heading of the ball in soccer causes injury to brain tissue. Therefore, In this study heading a soccer ball was found to cause an increase in serum concentrations of NGF and BDNF. We suggest that the microtrauma caused by repetitive heading and/or the course of survival of the injured neurons may lead to increased NGF and BDNF levels.
EFFECTS OF REPEATEDLY HEADING A SOCCER BALL ON SERUM LEVELS OF TWO
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we decided to investigate whether heading the ball is associated with changes in serum levels of nerve growth factor (NGF) and brainderived neurotrophic factor (BDNF), which are known to be indicators of brain tissue damage.
Members of the neurotrophin family, including NGF and BDNF, can play dual roles: first, in neuronal survival and death, and secondly, in activity-dependent plasticity [8] . They act through their cognate tropomyosin-related kinase (trk) receptors (NGF/trkA, BDNF/trkB).
While NGF/trkA interactions are believed to be important for cell survival during development and following injury [13] , BDNF/trkB interactions appear to be neuroprotective following various forms of brain injury [10] .
The BDNF and NGF released into the circulation are argued to be reliable markers displaying brain damage [10] . It has been suggested that these neurotrophins may provide neuroprotection by playing a role in the maintenance and survival of neurons after traumatic brain injury [9, 14] . Hicks et al. [10] NGF demonstrated that a mild traumatic brain injury induced significant increases in hybridization levels for BDNF and trkB mRNAs in the hippocampus
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Biol. Sport 2011;28:177-181 DOI: 10.5604/959284 -----of rat brains. In football, contact to the head when heading the ball has the potential to cause traumatic brain injury [4] . Accordingly, the aim of this study was to investigate the relationship between expression of these two neurotrophins and repeated head impacts in professional soccer players.
MATERIALS AND METHODS
Participants. Seventeen male professional soccer players from a third division team volunteered to participate in this study. The study was approved by the local research Ethics Committee of our faculty and all players gave written informed consent before participating.
They all trained three times per week and on average played one match per week. Table l 
Field study
This study was conducted using an experimental set-up. First, a corner kick was taken (swinging corner from right side into the centre of the goal) at a distance of 30-35 m to the header ( Fig. 1 ).
When the kicker powerfully kicked the ball onto the field of play the header was required to head the ball from a jumping position.
The headers contacted the oncoming ball at the frontal bone. This was representative of ordinary heading in soccer. Each player completed 15 approved headings in about 10-15 minutes. We chose to have players head 15 balls in an effort to imitate the maximum number of balls a player would head during a typical training session.
The field test was performed on the same day for all players.
We used Adidas Teamgeist, having a mass of 430 g and specified ball pressure of 900 g·cm -2 (FIFA approved standard 600-1100 g·cm -2 ).
Ball pressure was regularly checked during testing.
Biochemical analysis
In the present study, we assayed for peripheral serum NGF and BDNF levels via a blood (5 ml) withdrawal from the antecubital vein just before (resting) and after the heading training. Blood samples were collected aseptically and the serum was prepared and stored at −80°C for up to one month until BDNF and NGF analysis. Levels of BDNF and NGF in the serum were determined by a commercially available enzyme-linked immunosorbent assay (ELISA) kit according to the manufacturer's instructions (Chemicon, USA) and results were expressed as pg·ml -1 . All samples were assayed in duplicate, and the detection limit of the BDNF assay was 7.8 pg·ml -1 and NGF assay was 10 pg·ml -1 retrospectively.
Statistical Analysis
After tests for normality, the non-parametric Mann-Whitney U test was used to test differences between pre-exercise and post-exercise Table 2. NGF and BDNF levels were significantly elevated in response to heading exercise.
RESULTS
Results of the biochemical measurements are displayed in
For the soccer ROC curve analysis, the area under the curve for BDNF was 1.000 (95% confidence interval [CI] 0.896 to 1.000; (cut off point) (sensitivity 88.24%, specificity 88.24%) (Fig. 3 ). This value, with satisfactory sensitivity and high specificity, was regarded as a more suitable cut off point.
DISCUSSION
In recent years there have been several concerns regarding the potential consequences of effects of repetitively heading soccer balls on brain tissue. We aimed to study male soccer players to assess the level of circulating NGF and BDNF which have been found to be sensitive indicators of brain tissue repair. Concentrations of both neurotrophic factors in soccer players were increased after the training.
There might be a direct association between neural degeneration or recovery in the central nervous system and peripheral production of NGF and BDNF. Despite their size, these proteins can cross the blood-brain barrier (BBB), at least under experimental conditions [6, 18] . BDNF is known to cross the blood-brain barrier in both directions [5] from the brain to the periphery and from the periphery to the brain, via a high-capacity saturable transporter system [17] .
A positive correlation between BDNF levels in the brain and serum was described; therefore the blood levels of BDNF may reflect the brain levels and vice versa [30] . There is evidence from clinical trials that NGF like BDNF is transported over the blood-brain barrier and stored in platelets as well [1, 18] . In the present study, we did not directly assess brain levels of NGF and BDNF but it seems that NGF and BDNF in the brain increased because of transport from the periphery, or both.
Exercise-related increases in circulating NGF and BDNF levels
have been demonstrated in healthy humans [5, 6] . Since exercise has been shown to cause increased levels of NGF and BDNF, one Heading may be conceptualized as repeated subconcussive blows to the head due to speed and impact forces [28] . Professional soccer players play the ball with the head five to six times per game, on average [23] , and of course many headers are performed in training [11] . Consequently, over a career of 20 years, a substantial cumulative burden is possible [20] . Ball speed can alter the severity of the impact to the head [22] . The average speed of kicking a soccer ball on the ground is 65-70 mph. Schneider and Zernicke [21] found that head injury risk was present with linear head acceleration caused by frontal and lateral heading impacts at medium velocities (frontal >70 km·h -1 , lateral >47 km·h -1 ). At these speeds, the linear and angular accelerations would be higher, with greater potential for injury [16] .
Increased levels of NGF should be interpreted with caution since their effect seems to depend on the respective receptors and could be neuroprotective or detrimental in nature [6] . In animal models of experimental brain injury, exogenous administration of NGF and other neurotrophic factors has been shown to prevent or significantly reduce severe neurological deficits, apoptosis, and brain-cell death [2] .
Griescbach, G.S., [7] There has been increasing concern that repeated impacts by heading could lead to significant head injuries in soccer players comparable to those of patients with accidental minor traumatic brain injury [15] . This mechanism may be postulated to explain the high NGF and BDNF level in our study. We speculate that the microtrauma caused by repetitive heading and/or the course of survival of the injured neurons may lead to increased NGF and BDNF levels.
CONCLUSIONS
Heading training has been shown to increase NGF and BDNF production in professional soccer players. However, these measurements in peripheral blood can reflect only a limited view of whole NGF and BDNF metabolism. Therefore additional studies are required in this area.
This study has certain limitations:
First, in the present study, contributions to the serum increases from extracerebral sources of NGF and BDNF should be kept in mind because neurotrophic factors are found not only in the brain, but in a range of tissue and cell types. It is not known whether the level of NGF and BDNF increases observed in this study is due to injury of brain tissue or whether it is only due to the opening or increased permeability of the blood-brain barrier.
Secondly, this study did not show whether the increase in neurotrophic factors was transient, and did not assess the time to return to baseline. Further study is required to investigate whether this increase occurs after ordinary heading training.
